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(54) SELF-EXCITED SEMICONDUCTOR LASER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a self-excited 
semiconductor laser which has a high manufacturing yield to 
be of selFexcited type and is capable of oscillating stably in 
a self-excitation manner when outputting a high power at a 
high temperature. 

SOLUTION: An N-type GaAs current constriction layer 8 is 
filled in both the sides of a stripe 7 composed of a P-type 
GalnP intermediate layer 5, a P-type GaAs cap layer 6, and 
an upper part of a P-type AIGalnP clad layer 4 to be of 
buried current constriction structure, and provided that the 
thicknesses of a part of the P-type AIGalnP clad layer 4 
located on both the sides of the ridge stripe 7 and its 
residual part located outside of the sides are represented 
by d1 and d2 respectively, d1 and d2 are set so as to satisfy 
a formula, 0<dKd2, and a waveguide action is executed by 
changing a refractive index in a lateral direction. In this 
case, a refractive index is n1 at the stripe 7, n2 on both the 
sides of the ridge stripe 7, and n3 outside the sides, where 
n1, n2, and n3 are set so as to satisfy a formula, nKn2<n3. 
The thicknesses WG and WP of a gain region 1 1 inside a GalnP active layer 3 and an optical 
waveguide region 12 are separately controlled so as to ensure enough a saturable absorption 
13, wherein WG is smaller than WP (WG<WP). 
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(57) [B«ij] 

pgAlGaInP^7 7F140±l 
SP, pSGa I nP*H15*s<typSGaAs*t v 
7'I6^^)^^X h^-T^a57cDMffliJCC t nSGaAs 

«»»wjb 8 *aae>ii*a«»*«js*jBffi-r * i & 

«C. pIA I Ga I n v Xh7 

, (0<d t <d z ) <tU «*l5lO®»r*S:»tS-e 

Secc^ffJrffllSr*!!, *W-T4 (n 2 <n 3 < 

n t ) . Gal nPffiffli3cDrtgP(D^Jf#?I^l 1 ©(I 

W c fc<fc 1 2 CDifl W P (/c/cOW c < 




1 

U 

±iB»2(E>*-7* FJlCCSttfcJifc* F ^ ^ :?*SB<£>MiI f J 

pn^iffir, fro. *ss&&fiiiSBtt*raicc 

±IBX h ^ -Y^»"C» 1 OJUfT**WL, ±EX F ^ 

-r s a»*ss¥aw* u - tf . 

[IS ^ 2 ] ±fE5S 2(0 9 ^? v VmU. ±IB* F 5 -f 
^SB©Hffl|jT» 1 3 6CC^cD^Wi~C±IB 

<h -T 4IS*3I 1 IBiScO S AA&S43|Ett U - If. 
[89*3H3] png^iTW, fro, ftjggfi^rfi] 
iSi£&^rfil6C*j6^4±iB»2(D^'7 7 FJB<D±fB3ll 

sci *«f»£ -r aw*?! 2 SEttos AA&sa#ai# 
-If. 

[ lt3RJ5 4 ] ±fBH 1 <D >? v v Flite J: tf±iEr£14» 
©IHIC» 1 ^110^ 1 WT 4 <b <t fcfc, 

±SB*gttH*J<fcV±iB»2C[>^'7'7 Fli©racc»2i»a 

w e> ti r *, > 4 c t st«f» i -r e tit 1 1 Btg<^ @ m 

*SSt*JB#u— tf. 
[0 00 1] 

[0 00 2] 

I(7)-^(c, «£3RJ:<h ¥«f*u-1f&SA*J13t5-4 
Citv;b«- FftfcHo/c. SA5SJSS2* 

ti, A 1 G a 1 n P«(Dt**4CC <fc 0 S®^gS*2§^U 

[0 0 0 3 ] 1^4 ACCTfrf <fc^C, C<Dfi£3f£G>A 1 Ga 
I n P^S/a»ISS!¥«<*^-1ftCfcl>-Ctt, n^G 
aAsillOlltC, nIAlGa InPi?7-yKi 
10 2, Gain PffittH 10 3. p-SAlGa InP 



(2) 1 0- 1 50 240 

2 

^7^FI104, pSGa I n PfMJBl 0 SfcJ:^ 
pIGaA stt^ll 0 6«ai5tiTl^o 
pSA 1 Ga I nP?^* FJ11 0 4<D±HS5, P^G 
a I nPWIIl 0 SWffpiGaAs + ty^i 1 

0 . — #ftCCgtf4y^3S©* h7-(7*^Wf 
6o 10 7tt, Cft6<Dp§2A 1 Ga I nP^7 i ; 
F» 1 0 4 <D±HSI5. pSGa I nP«1110 5fcJ; 
tfpSGaAs+t ^11 0 6fr6&4* f^^sis 
£r^-r o C ©X F ^ A ^*SP 1 0 7 ©MfflJ<308B»«:«n S> 

10 GaAsli»^110 8^Mn, CtitCcfc>3« 

[0 00 4] pSSGa A s FJll 0 6*$J:C>*n 

iGaA sSfi^l 1 0 8©±tC«, WitfTi/P 
t/Au»ffi(D<fc5&pffll»ffil 0 9fr^e»nri^ 
6o —2k nSGaAslil 0 KDlItCti, W£« 
AuGe/Ni/AuIii^cCnlUgl lO^SW 

[0 00 5] 134 B«, fi£5fcCDA 1 Ga I n P^Ogi 

u — if cosjff *7n-r h&jbih-c* £ D 

20 CCrii. C©ffi*©A 1 Ga I nP?,0Si»* 
»»l/-f©pn8^«!:«fr, fro. *JiSfi*lfiJi 

H4 A£2tfj£3-er7n-r. 

[0 00 6] tto^, 0 4BCC^-rj:^K:. CCDfig* 
OA 1 G a I n P*C!)affl«Sa*«#U— lf«, 
fa$C:fctf 4/SJ/T^fr, Xh7^ :/3B 1 0 7 CC*tl£-f 4S5 

*»<t^©lBfllJCC»j£r4^i©ja«*MAn ' ( = 
n, ~n 2 ')ti0. 0 0 0 3 HJKtTFi il» 

on«*f *aKgaa*»# u - if (owsaur * 4 o. oo 

lcfcOfe. *W#«ffiS^i*U-1f<Dffir*4 0CCjfili 
fB(C$tl"C^4 0 cntCcfc-or, Ga InPffittilO 

3cDft^r^ro7^o^GiA^fr^^fr(c^nrc^4o 

[0 0 0 7 ] JLkEOJ: ^ CC»jS 3 HtcU^<D gflft&fiSL 
40 *z»<*U-1f©ttfPB#K:«. ^4 ACCT^-rcfc^CC, Ga 

1 n pfgi4» i o 3 oftswmmmm 1 1 i o*iw c ' 

1 l©J^ffllJCC*$W5*a»ifi«S«l 1 2frpftS^n 
1 0 3<DrtaB<DnJfift»iR«« 1 1 3 iCDtlSfPffl*^ 

oiia?n»iR««i i 3*+#ccMS-r4c<t#«s 

50 <btt-^"Ct^4. 
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[0008] 

1 1 3<DJa3#* Ga I n Pfl&ttJSl 0 3©rt8l$roM 

[ o o o 9 ] t&*>%, ±a©se*coajffl«^*an* 

u-lfrw:, x h ^ >f ^SS 1 0 7 oPHM©BP»«:*5W4 
pSSA 1 Ga I nPZ^v F14 0f3d ' *»ffitCfM 

£Vft<Dtt:&Qm&&fflffl2ti. cncc^^r, Ga I 

n PrSttB 1 0 3<Drt^T<DfiJf#$St|c 1 1 1 CDJIWc ' 

*5<fcW36a»«E«*i i 2cdi)iw p ' tiros. 

6. S&&EHCX F ^ Y "7*35 1 0 7 <DPSfflfJ<DSP 
^CC*JW4pSA 1 G a I nP^7-; FB 1 OAOmS 

[ooio] ate. a*©ai6«iKa¥a»*u-if*iB 

^<D»ifi©j£*s 0 **** < «c 0 . nf«a*0»iR«SiS 113 20 

[ooi i ] u/c^r. c©aw<oBW«, @a#as 

[0012] 

[KB*»fttsfc»o*e] _k&mmzmf&?&tc&> 
m2(D$? v Fmtzmu. mzoz^v fb*crw*> 

^SI$<7>HfltJrSft 1 ©JBSr* J: 0 fcffiOS&2 (Z)JiW**W 
<D"C** a 40 

[0013] ±asocfc9cc«jssn/cc<D^cc < fcn 

©PSffi'JrSfi 1 ©JSJrSU: 9 fciEO»2<DJ3fFr^*?IO. 
^3<3[>®JT^OfflllStC?|oSR6*it:j£^S. CCD/c 
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[0014] 

r0ffi*#raott#6BM8T4. 

[ 0 0 1 5 ] d 1 Att, C<0#fe?B<DSfl 1 (DHiW&«K: J; 

A 1 G a I n P*©t«4CC <fc 0 U 

[0 0 16]t6b%. C<DH 1 <DSgS6JfcS8K:J:SA 1 
Ga I n P^oaSFSSS^WttU-tf^fet^W, H 
lACC^-T^OCC, nfGaAsISllfC, niAl 
Ga I nP^r; F B 2 * GaInPffittl3, PiA 
1 Ga I nP&^y F B 4 , pSGalnPMSfe 
i^piG a A s** ^^B6 3&i)IB^aBStlTC^. 
pSAlGalnP^7'>F14©±l^ pIGa I 

CDp^A 1 Ga I n PZ? v F«4<D±B8B. pIGa 
I n PrSttBSteJrtfpSSGa A s*i* ^ ^B6CC<tO 

[0017] c©«^, x h << (ommomHc 

fct^SpSA lGaInP^77 FB4Ca*GDas**»W' 
e>nn^ 0 ?I*S4 a». pMA 1 Ga I n P^^-y F 
B4CDX F v << y'W&Whtitcmmc$ifc'?&<, ««4 
««4 a<DSffl'J«:B9SL, pMA I Ga I nP^ 
FB4©IHI^KW^tl/c««k:S*l£"rS, ^4 

[0018] TTffiw, , w a . w 3 ^en^n. P g! 

A 1 Ga I nP^77 FB4<D««4 a, 4 b, 4cCD 
«*|ajCC*jW4iH4^r. fiaiS4aO*sWt 
iiX >fy»I"C*S. */c. ^J-ffid, , d. It -en 
-etl. pSA I Ga I n P ^7 v Ki40*«4 b, 4 
cCcteWSSS*^ o CCD^. pIAlGalnP 
^7?K140«S«4bfcWS/ISd 1 CcStLr, ffi^ 

4 c6ctects«Sd J «^:*< Stitrt^s. c^i^^n 

tf, pSAlGaInP^7i» K14«, Xh7-/^9 
7<Dmm<D&fr («H«i4b) CCfcC^^il^da ^. *<D 
*HM^BB» (««4 c ) tcteWZmS d, <fc 0 fe/hS < 
S*iTl>£ (0 <d a <d 2 ) . 
[0019] p§2A lGaInP^77 FB4CDJJ1 
SP. pSGa I nP^fllSfe^^'plGaAs^t 7 
-7*B 6 CC J: 0 ffif&2 ti h X h -7 ^SB 7 ©MffliJ©S|5»6C 



(4) 

5 

nfflGaA s«St3ft3BJS8*ia2&i&*ti. CtiCCj: 
oT*»»^»#»J5R3*TCl>*. pSGa A 

s * -rv *$ cfcC^ nSG a A s «%$fe^B 8 <D±XC 
i/P t/Au«ffi<DJ;5&pffJ«ffi9* s 
We>nrt^ 0 -J, nSGaAsli KDSmtC 

WiAuGe/N i /A u «ffi©<fc 5 & n 
1 0#HW6*lT<,>£„ 

[0 02 0 ] HI Btt, CCDA 1 Ga I nP^CDgJg>£fe 

era, c © a ®i*IS3S^a»i* l — if ofil^'iSicc *j * 10 
[0 0 2 1 ] mi Bfc7jrrJ:5«c. C<DS®«SS^SS 

^ >r ^ 7 <DWWj<Das#r ran? * n » J: o i> {gc »ra*r* 

JSlFf^nt <fc0fcfil*B*r^n3 *WUtC»S. CCD*! 

I8r$n l pIAlGaInP^77F 
B4<D««4aCC*tl£U fflSr^n, P^A 
IGalnP^?-; KJB4<0»Ja4 b*c*fj£U JEJt* 
n a p^A 1 Ga I n P2?v KB4<D«J$ 20 

4 cCC*ti£0ri^ o Sfc, ^^n, p^AIG 
a I nP^77 KJ14©fia«4 b CC*$W4JP3 d» tcj: 
0$fltaipT^r'^0. Jlflr^nj tt. pIA 1 Ga I nP 
KB4<D««4 cCCfcWSJSSd, CCfcOfMSnU 

[0 02 2 ] c<o@iBjWia*W#u-ifK:*j^rw, 

^ffllrfn, (DmmtOffilftmg: (nx -n, ) 6* 30 
COti^ pSAlGaInP^7^KB40g« 

[002 3 ] C<3DSIft«li3a*a9f*:U--1f^aa«ffi'r 
Sfc&fCtt* ttfpB#{Ctel>r, Ga I nPSfti3(Drt 
6B©*IJ»®«©*I cfc 0 fe*aOiftffl«©iH?&^# < & 0 . 40 

toenails**. ^»co3 0%w±-c*ac:<b^a* 
[0024] -ecr. cti*H3S-rs/c«>«:. coei 

*l63S*zS*U-1fK:*jCir«, pSAlGalnP^ 
~tv KB4(Dffi«4 btCfcWSWSd, *$«fcO'«i|S4 c 
CCfctt&Jl^d, 0<d a <d, tc£ft£<h<h& 

cc, «^4 bcctec^sws d t ^ 4 wnn^omt^su 



ftflU^- 1 0- 1 50 24 0 
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*/c, plAlGa I nP^7-> Fi4cDW4b 

<D$$M4 b©<IW, »StC« 1 Mm£lL 3 jumfei 
TCC««*i. <fc 0J?j8CC« 1 umtUb, 2 m mfelTCCJl 

SAlGaInP^7^ KS4©««4 bCC*5WSJlS 

dx cio. 3 Atmccjitfna. 

[0 02 5] #CC, ±&©J:5CC#Ja3*l/cC<Z>A 1 G 

wtz>. 

[0026] c<Dummfm*mw\s-*?<D 

£\ pSA IGa I nP^7y Ki4©S«4 bCCfcW 
4/SSdx #+:»«:'hS< 3hrt»5©t, p^AIG 
a I nP^7-v KB 4 tp<Dn%L<Dffiti2>ffi.m*s ««4 

pIAlGaInP^77F14©S84aO 

*iw l gs«:Mi^e>n*o — *\ ff^i^cDTccoiA^o 

tt, ffWlajCcffOoW^hWaW*^ (Hi B#M) 

Ew&*9«:* pSAlGaInP^7^Fi4©JI«4a 

[0 02 7 ]o£D, CCDAlGalnPSOSWi 
S^3lf*U— !fC[>IW^fC*5l»-r«, «8S©HCii«)« 

tc, 0 1 AdCTjk^J: 5 dC % Ga I n PrStt»3<Di*38P<Z> 

2<D«^loiCc*5WSBW F J:HW<^^ for, 

RiRiiSl 3iOrfE§-rS. CtD^, GalnPiS 
14/13(DrtgPCCfeC^-C. j(£«2ffifia«l 2CC^Lr^JfSfa 

[0028] ccr, aa«jS(DisatconTia2*# 

COaB*^*»*U— tf03E«» (nSAlGa I 
nP^7-;H2, GaInPrStti3te<t^'paAl 
Ga I nP^77 KB 4) £fS^ffJCC^-r o 

ttffWCteOTtt, piAlGa InP^77FI4© 

©c:5&s«3 j&^ispsti-s i i tec, m-ftftcDmiftmzmt 

3-f*SCi6Cj:0**5aSa?3^4. Cti^c<i:0, Ga I 
n PrSttB 3 rtSH5©*iJf#a« 1 1 <Dti J; 0 . %Wm% 
imm&*:Z<teZ>o H2 AiCTnTWSS-Cii, Gain 
PSttH 3 rtBB(DfU»®lS 1 1 OiHtc^t L X , *»iKpJI 
JUS 1 2<Z)fii#-HHC7\£ < , pJfla«l»iR«Sia 1 3 
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cairns. a»4affi*»6«, a«sttmcc<fc4ist»LED 
[0030] u-if««3&s«i«i3nfctWB'c«, ;x»ec 

Ga 1 n Pr£ttB3fc:** U T &W&$tlX . 
BCC^-r<fc5iC. Ga 1 n PSttJB3rtSBOfiJf#««l 

Gain Pr£t4)13F^gPcDnItSffl®iRM^ 1 3 ft 

«*H-#«c*<* Bt»ttHi«:cfc4U— tfafi^BWftSh 

[oo3i] \s-*rmm#tk*&t* ^ff«. Ga i n 

PStti3tU+t yrj&*rB93*i5. cncti:9, IE 
2 C tt^rr <fc 5 CC , G a I n P ffittB 3 *CD*iJf#«« 1 

IfrfflPRiKfiBiS 1 3 < & £. C CO^ 2 C CC5K-rtfc«T? 
tt. BtfU-1f#S16#JWJS*i4. 
[0 0 3 2] @a*S32¥«#U i2A- 
H2CtC^r«98A^ 50 0MHz-lGHz<DS» 

[0033] c©a»«ais**»u-if*«Jfi'r*3fc 

nIGaAsiglltC, niAlGa 
InP^77.F12 1 Gain PSS13, pMAIG 
aInP^7-y F14. P MG a I n P*IHJ1 5 fcdrO' 
pIGaAstt^!6f tf WSifelSffc^StfB 
(MOCVD) ffitC<fcOJIIH^«fiSi**. ^OC, p 
SGaAs+t y7m6-klCffil£ : &Vl<Dlsl'Xh'*2- 

s + pSGa InP^BIBSfe^pSA 

IGa InP^7f KB4 3*. pSAlGaInP^7 

CfttCj:*), pSAlGaInP^7-;FI40li 
pSGa I nPWMSfcitfpaGaAs + t? 

alnP^r; KB 4 KHHW^aES tiS, 

7 <DS«J<Z>8B#CC nMGaAs «%j£^B 8 *k%>®& 

^CtC. J5g^X^£ brffl^cU^X h>^£->£ 
BfcSLfcfft. pSGaAs+t-^iefci^nSGa 
As«i«»I^B8©±tCpfi!j«ffi9S:»flcL, nSGa 
A s S« 1 (DgMCC n fflil^S 1 0 Sr^-T 4. 

[0 0 3 5 ] feLBCfcO. g^it^AlGalnP^ 
© 9 HUfiSSS^aiM* U — If )WR Jfi 3 ti Z . 

[0 0 3 6] ±j£<DJ:5CC«J#3*ifcC<DA 1 Ga I n 
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P 3fc (D g Jgj ^Sffi^a»» U - If CC <t tl © <fc 9 &S»* 
[0 03 7 ] Tttto%, C<DSBb*ffi33*z»f*U-1fte 

b^7*£P7 (pSA 1 Ga I n P^^y KB4©«« 
4 atc3fr£-rS«B#) rgfeS^ISr^n, ^l, X 
h^^^70MfIiJ ( pIA 1 Ga I nP^77 F§4 

10 U ?i=>iCf(DnilJ (pIAI Ga I nP^7^ FI4 

n 2 flCxflffl^ffiJf^n, SfltC^fc*. Ga I nP 
fgttB3 35p€>CD3fc«. JB8r*n 3 SI oSSeftr 

mMZ>. C(D/c^ PiAl 
Ga I n P^ * KB4<D««4 aOiPIW, 

»SK©j£*s«3tt, pSAlGa InP^7vFi4©« 
^c4a(DitsW 1 (XF7-/^B) *Ig&c}fpx.6n& e 
[0 0 3 8 ] C<D£*>t<C, «^ffi)«:*5WS«8l£<DiaDii 

«3t<DE^«}«, «4btCfcl^plAlGa InP 
^vKB4<D/53d 1 CCctO»Ji»3ti. a*l6l®jt<D 
pIAlGaInP^7-;F14©{I«4b 
cDfllW, £ v WMA c $CteW£ pSAlGa InP^7 
*KB4<Z>JI3d, tlrCj:<omWZtiZ> 0 C<Dtctb, G 
a I nPffitt»3<DrtBS©ffl»««l 1 ©«W C teitf 
3fea9»«« 1 2 ©*BWp ^ft^tt^CCfflffll-f £ C 
30 i*sr# . oIia«I9fciR«« 1 3 1 2 

[003 9] !K*<Da»«^*i»*U-1fO» 

#2gf*U-1f(D^, ®*S4 btCfcW^pMA 1 Ga I 
40 nP^^^ KB4©/S3d l W^«0. 3MmfIS 

Z (piA lGalnP^v KB4 <Dfgf$4 b CDiflW 
! *5cfca e «iS4 ctcfcWiHSd! ) -cafitcsjffl-rs 

b$ cc *j i> -c 4> s 3£ 0 /c s © ^ m * mm -r s c i ^ r * 4 

50 4. 
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[0040] */c. m^<oBm^tm^m^^-^<Dm 

tf>. Bai%ffi**JCL/fc**-Ct>0//«:3SSCCLr«|^ 

0S8t?tt, A 1 Ga A sm<DtmiCj:iOftMmtih#>^ 
rum& (SCH) **T4a»«fiS*«H*U— tf* 

[0 04 2] tto^, COA 1 Ga As^©eSb^fI 
S^WftU'-lftt, 0 3 A(CtS-TJ:5CC. niGaAs 
3S«2 1±K:. nfAl 0 . 45 Ga 0 . 55 As^7^FI2 
2, nSSAL.j Ga 0 . 7 As»iK12 3 4 Al 0 .„ 
Ga JlM AsiSttl24, pIA1 9 . 3 Ga 0 . 7 As* 
m&M2S. pSAl,. 4J Ga B . sl As^7-;F126 
Wc;paGaAs+t^i2 7 # 3 ftT l > 

paAlo.4 S Ga B ., J As^7^Fi260JbiS 
fej^p IGaAs + t';^I27 — iS'rfiJCCjffiCX* 
X h^-f^JKttiSrS. W#2 8«. pfiAU, 4 .G 
a 0 . 55 As^77Fi2 6<D±JB3lfcfeJ:tf pSGa A s 

C©X h^^^SB2 8tt^M<DKEJ^*?tr£. 
[004 3] C<D*f£\ pSAU., Ga 0 . 7 A s 
iI2 5ti, X h^>f^aB2 8C!>TSKC#|£^43I5#© 
MfflUtCDflSP^W-r*, CCt. ffl«2 5att, X h ^ ^ 

2 5 a<DMflJjlclB«U pSSAL.j Ga a ., As*i 

c {t, ftftfybfrt>&xmm2 5 b<D^Jj©«WC#J£ 

[0 044] ^r£w 4 , w s , w 5 -tti-en. P§2 
AL.3 Ga.., A s ^MiS.M 2 5 ©i^ 2 5a, 25 
b, 2 5 c(D8t^raj«:teWSiH«:7S*r. tffid, 
PSA L.j Ga 0 .7 As*»«H25©««25 
afe^O'iiK 5 ctc*s#4/l$. ^7£d 4 p^A 
L.3 Ga,., As*««12 5(D««2 5 bfcfcWS 
ffSfcTnT. CO^, P^AL.3 Ga 0 . 7 As^v 
F«2 5<D«*S2 5 bCCfcW-SJSSd* ««2 5 
afcctO'«2 5 cfcfctt d 3 icStf or/bS < 3 
titC^ (/e/cU 0<d 4 <d 3 ) o P^A 
L.j Ga 0 . 7 A sftmftimZ 5«, Xh5 4zf@H2 8 
<DT%Mcftfc?Z>mM («BHS2 5 a) ©Wffl«CCG3aiJ*:*r 
U CCODflSI5*iSa:W6nfc«« (f.125 b ) #ffe(D5I 
«(««25a, 2 5 c> 8i^J:9fcig< i**rCl»£. 
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[0 04 5] plA l».« 5 Ga». 5S As^7'; KB 2 6 
<D±BaBfccfce>'p^Ga A s** 7 7*12 7tCj:0^ 
3 ti4X K 7^^352 8(DHffla<DS|5»tC«. nIGa A 

s ms«^B 2 9 #saw& * n , ctiicjz mmimm 

&W&l£2tiX\,>Z. paGaAstt^!2 7*s<t 
O*nSGaAs«S6»*B2 9<0±«:» v WiliT i / 
P t/Au«fi(3!)«f:5a:plti3 QftmihtiX^ 
& e */c. nIGa A sii2 1 (DSEfctt. Wx.«A 
uGe/Ni /A u *ffi<D <fc 5 ft nfflJWffi 3 1 6 
10 tlTl>& 0 

[0046JB3BB, CCDA 1 Ga A s^CDSa^}! 

"Cfct. C©A I Ga A s3fi<7)aai*tiS*z»*^-1f«> 

To 

[0 0 4 7 ] S3 BtC^rr<fcMt, CCDSBfBiSSS^S* 

h^7*952 8<Dja|ffllJ<OSB^"CJfflSf*n4 <fc9feffit>JS 
*r*n, ^Wl, 3 6tC^<£>^ffiiJ-CX K^-{^8P28K: 
20 *5^5i^LCiJSJr^n 4 ^Sltl^. C<D»^ * 
h ^-Y^SP 2 8**CC*5W 4JB«T*n 4 P^ 
Alo, Ga 0>7 A sMiSI2 5©««2 5a*c*h£ 
U JSffr^n s <DS««\ pSA1 m Ga 0 . 7 As* 
z»«»2 5©««2 5 bCC**j£U fl#J<£>ffl#r*n 4 CD 
pSAlo.i Ga 0 . 7 As»M25©M^ 

2 5c«c*ns-rSo c©»-&. mimtis piai 

0 3 Ga 0 . 7 A s3fczS«»2 5CD?fl«2 5 bCC*sWS/S 
£d, CC^QSlKSWteT**. 

[0 04 8] C<DaJft*SS**»U— »f«C*5Ci"C«. 
30 M(DISlf$^WpSAl 0 . 3 Ga 0 . 7 AsM 
««2 6(D«jiCC<fci3^ i 3^W6tl/c*>Or*0, 
iai<0*a»Jfi«««. pSAU.j Ga 0 . 7 As«l 
2 6tcJ:4 ( r i b) iliSIiftott^. L^L 

fttCto^4ffl*T*n 4 <!:-eoMBPIcoraJf^n s iCD^W 
^CCJ:0. X h^^7"SP2 8<D**tCl«ffiCCfflLo&tf> 

40 [0049] c<DStt#aBS*w*u— tf^en^i-r 

-Sfc»CC5*. »l<DJUS6»JJBO»^<tBl««c. Al,.„ 
G a o , as A sr£14BOrtS|5(DpH&flI9RiR«iS^+» (3t 

pSSAL.j Ga 0 . 7 A s *2»i6)B 2 5 tcRl^ 

6n/ccnapcDf|fi i ««2 5 b^igw, ^^j 

i«0. SymHL 5 /imfclTKafcH-i*, ftSJWtc 
Sf(i|S2 5 b <7)iBW s « 1 y mfe*±, 2 /i mWTCCiM 
*fc. ®«2 5a(OiHW 4 BW^.«3/im. p 
50 SAL. 3 Ga 0l , A s^tm^mz b<D®M2 5 ate J: 



n 

i$2 5 blctetf&mZ d 4 «WA6i3 0 0 nrntciSKh 

[005 0] ±a(D«t^CC*at3tl/cC©aJ»»3SSS* 

tt, pSAU. 4S Ga B ., J Asi'79Ki2 6©±B» 
W(>'pSGaAs + t^l2 7iC<fcO«JS3n/cy 
If S©»iffiJ#K**-r S^h^^^S|528CC<fcO miiai $ 

wetifcSJf^fli (133 B#fiS) (C«fc0. «8S<DE*s 10 

<D««te3l^ffi6*i4fctf>p3SA U., Ga 0 .z As* 

G a „ . , , A s 2 4 <DrtS5<D*iJf#«JS 3 2 CDfflW, 

M»««3 2©i1-119CC*Wa3(E»ifi««3 3^ of 
IM«K««3 4<fcLTfly8U SftfSJKtfieBSn 20 

[0 0 5 1 ] ±&©J:3CC«j£3ftfc. A 1 GaAsS 

JSKaWCcfctUi, AlGaAsSOSCH»iS**t5 

[0 0 5 2 ] W±CCD^(0*te^^^C^rfl:(*WCC 30 

aft** i i i -v«ft^Bj*8w*«c<t:»}*e 

[0054] 40 
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S^6C*Oj^flDJr»2OJBST*J:0fci«<, fUlO/StFr 
*«T<D»3<DH«r**W*"S©-C. ffitfe»a»6<Wfe 

ft<, »3©®Jf*cD«««:3lo5R6nrE*s*o 
WWIiiirfffflf^o COBS. pnSSiW 

[0055] c<Dtc&>, a»*jsaE**»u— tfiij* 

[Hffi<DlBW.cBWn 

[HI] C(D#ftW<D*l <DSI«S®JI8tCj:4A 1 Ga I 
© g »*J11S*8W* u - if ©JB*f *7n"T B8«H "C 
[0 2 ] affl»fiCDlirai*ttW-r-5fc«><D»rffiH-C* 

[i3] c.<Dm$<Dm2<Dmmmi<t&z>pK \ Ga a 
s *cds i^is*ii* u -if *^-r wmmio & vc<d 

[04 ] S£*CDA 1 Ga I n P3fc(DSJB>»tS3!¥aSf* 
U - If *tR-T Bf HH *J <fc O* C CD S ffllfeS8!*3lf* U — tf 

[W-^OIftH^] 

1 • • • nfGaA sS®, 2 • • • nIA I G a I n 
P2?v YM. 3 * • -Gain PrSttH, 4 • - • P 
MAlGaInP^7^ KH. 5- • -piGalnP 
cprHm. 6 * * • pSGaAs+t yV'M. 7 * * • X 

h^-Y^SB. 8 • • • nfGaAsSSi^l, 9 * • 

• i o • • • nfflj«a. i i * * * wm% 

«. 1 2 * • • 3fc««««. 1 3 • * • PlfifnKJRffitt 
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